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COMBINED DICTIONARY BASED AND LIKELY CHARACTER
STRING METHOD OF HANDWRITING RECOGNITION

The present invention is a continuation in part of
patent application, serial no. 08/160,518, filed on
December 1, 1988, herein incorporated by refe_rence.

Field of The invention

This invention relates generally to handwriting
recognition.

Background of the invention

So called personal digital assistants, such as the
EO and Newton products, typically have a touch sensitive
screen upon which a user can impose handwriting. These
devices then function to digitize the. handwritten
character input. Other devices, which function to

receive handwritien input include, but are not limited to -

the following: desktop computers, modems, pagers,
advanced telephones, digital or interactive televisions,
and other information processing devices having access
to a digitizing tablet that can accept handwritten
character input. Still other devices can receive
handwritten character input by means of a facsimile or
scanned input. _These devices process the information to
attempt to recognize the information content of the
handwritten character input and display that information
to the user for purposes of feedback and correction of
errors in the processing and recognition of the
handwritten character input.
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screen upon which a user can inpose handwiting. These devi ces then
functfion to digitize the handwitten character input. O her devices,
whi ch function to receive handwitten input include, but are not
limted to 15 the follow ng: desktop conputers, Mdens, pagers,
advanced tel ephones, digital or interactive televisions, and ot her
I nformati on processing devices haV|ng access to a digitizing tabl et

that can accept handwitten i‘g pn?i"dr? 5fﬁe\a| ces can
receive 20 handwitten char actgr |nput ans g a% 6’}
scanned i nput. These devi c@cﬂﬁmslﬁ r @ n;y %ré!?“??ﬁ'y
recogni ze the information ey eamyahahagainst then initial thandwriting: tanalysisut

correction of 25 errors i 188 @@@“ﬁﬁm 9&?#‘;@'@8@*&?%& an

handwitten character |5putwithln e dictionary that most closely fit the -
characteristics of the handwriting sample. For use with
handwriting sampies that represent information
contained within the dictionary, this approach works
reasonably well. Often, however, the handwriting input

10 will ‘not be in the dictionary. For example, proper names, -
geographic locations, acronyms, and professional jargon
are typically not included within such dictionaries.
Expanding the dictionary to include virtually all words
and acronyms, on the other hand, presently constitutes

15 an unsatistactory solution, since the amount of memory
required, and the computational overhead necessary to
support & full search of such an extensive dictionary, all
make this approach impractical. '

Another problem associated with the prior art is

20 the recognition of numeric handwritten input. Many
numbers bear a strong resemblance to words that may be
in the dictionary (for example, “15°" may be easily '
confused with “is”). A dictionary based system will be
unable to correctly identify “15® when written.

25 Accordingly, a need exists for some method to allow this
input to be identified correctly and presented to the user
as a possible translation of the handwritten character
input.

Another problem often associated with the prior

30 art handwriting recognition techniques of the prior art
is the format in which the digitized handwritten
alphanumeric input is displayed to the user after the
input has been analyzed. In particular, prior art methods
for displaying the output are confusing when the output

35 contains errors. in many cases, users cannot remember
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what they wrote and are unable to make sense of the
errors in the output in order to correct them.
Accordingly, a need exists for a handwriting
recognition technique that can avoid or minimize these
limitations -and at the same time present the
information in a format which aliows the user to correct
any errors with direct reference to their intended
handwritten input

Brief Description of the Drawings

FIG. 1 comprises a top plan view of an illustrative
personal digital assistant suitable to support operatron
in accordance with the invention.

FIG. 2 comprises a fiow diagram detalling
operation in accordance with the invention.

FIG. 3 comprises a flow diagram detalling
operation in accordance with the invention.

FIG. 4 comprises a top plan view of an iliustrative
display in accordance with the invention.

FIG. 5 comprises a top plan view of an illustrative
display in accordance with the invention.

FIG. 6 comprises a top plan view of an illustrative
display in accordance with a preferred embodiment of
the present invention.

FIG. 7 comprises a top plan view of an illustrative
display in accordance with a preferred embodiment of
the present invention.

FiG. 8 comprises a top plan view of an illustrative
display in accordance with a preferred embodiment of
the present invention
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preferred embodiment of the present invention the

10 handwritten alphanumeric input and the recognized word
are displayed concurrently and in close juxtaposition to
each other. This close juxtaposition allows the user to
refer to their original handwritten input when correcting
errors in the processing and recognition of the '

16 handwritten character input.

With reference to FIG. 1, a personal digital
assistant can be seen as generally depicted by reference
numeral 100. The personal digital assistant (100)
depicted constitutes a generic representation, and may

20 be comprised, for example, of an EO or Newton personal
digital assistant, as are known in the art. Such devices
typically include a housing (101) and a touch screen
(102) upon which words (103) can be handwritten using
an appropriate hand manipulated stylus. Such devices

25 typically include one or more microprocessors or other
digital processing devices. As such, these devices |
comprise computational platforms that can be readily
programmed in accordance with the teachings presented
herein. it should be understood that, while such personal

30 digital assistants comprise a ready platform to
accommodate the practice of the appiicant's teachings,
the teachings presented herein may be practiced in a
variety of other operating environments as well. Some
exampies of such environments include computers with

35 digitizing screens or connected to a digitizing input
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sone nethod to allow this input to be identified correctly and.
presented to the user -as a possible translati o8& of the handwitten
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3 Referring now to FIG. 2, general operation of the
5 device in accordance with the present teachings will be
disclosed. Upon receiving input (200) in the form of
handwriting on the touch sensitive display (102), the
handwriting recognition method executing in this
embodiment on a PDA (100) analyzes the handwriting in
10 order to provide (201) one or more candidate characters
that may represent the constituent alphanumeric
characters that comprise the handwritten input. Such
handwriting analysis techniques are understood in the
art, with examples being found in the EO and Newton
15 products mentioned earlier.
' Next, the process identifies (202) one or more
candidate words by comparing the contents of a
dictionary against various combinations of the candidate
characters, and providing. these various dictionary
20 entries with a corresponding likelihood of being correct.
The entries having the highest likelihood are then
identified as candidate words. (In some applications, it -
may be appropriate to compare each entry in its entirety
against the candidate characters. In other applicatnons,
25 particularly where processing capabilities are
restrictively finite, each dictionary entry may be
compared with only part of each combirnation of
candidate characters, unless that partial comparison
yields at least a threshold likelihood of accurate
30 representation.) This dictionary based approach is
understood in the art, and hence no further description
will be provided here.
During this step (202) of identifying candidate
words using dictionary entries, the process also
35 identifies a most likely string of characters that
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and common numarwal punctuation such as $ and %.
Accordingly, a string of characters is developed wherein
each individual candidate character so identified has an
individual high likelihood of accuracy. A second string
of numeric digits and punctuation is developed wherein
each individual candidate digit or punctuation so
identified has an individual high likelihood of accuracy.
importantly, the development of these two strings, the
most likely character string and the most likely string
of digits (numeric or punctuation), are conducted

independent of any dictionary entries. No comparisons

are made to dictionary entries when identifying either
the most likely character string or the most likely
string of digits.

Although dictionary entries are not utilized, in this
particular embodiment, the applicant does take into
account, for the purposes of developing the most likely
character string, the combinations of individual

" candidate characters that have a highest probability of

being accurate through use of character trigram
statistics. By reference to such statistical analysis, for
example, the applicant can make use of the fact that the
letter combination "QUI" is statistically more likely to
occur in English words than is the combination "QXZ."
Trigram statistical analysis as used in word recognition
is well understood in the art, and hence no further
description need be provided here.

So configured, the process identifies (202)
candidate words as developed through reference to a
dictionary, a likely string that represents a string of
characters that individually and in combination, without
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4 . individually and in combination, without reference to the
5 dictionary, appear to most likely represent the input.
The process then provides (203) this list of candidate
words, the likely character string, and the likely string
of digits, numeric or punctuation, for subsequent use.
Referring now to FIG. 8, the personal digital
10 assistant then accesses this list (300) and selects (301)
one of the words according to some appropriate metric.
For example, in some applications it may be preferabie
to always (or nearly aiways) select whichever candidate
word has the highest likelihood of being accurate. In
15 other applications, it may be preferable to more heavily
weight selection of one or both of the most likely string
of characters or the most likely string of digits.
Various criteria and techniques for automatically
selecting from amongst a plurality of candidate words
20 are understood in the art and need not be presented here
in more detail. , ' :
Having selected from the list, the chosen word .is
then provided (302) to the user. Typically, this selected
word will be provided to the user on the display screen
25 (102) referred to earlier. In order to allow the user to
. refer back to their original handwritten input in case an
error in the processing resulted in the wrong chosen
word being presented, each chosen word 601 is displayed
immediately below a redrawn copy 603 of the
30 corresponding original handwritten input. Each chosen
word is centered directly below the redrawn input.
Furthermore, the original input is redrawn with
consideration of the original coordinates of the
handwritten input to preserve the relative position of
35 words within a line of input, giving the user a strong



Det ai | ed Description of The Preferred Enbodi nent Pursuant to a
preferred enbodi nent, candi date words in support of a handwiting
recogniti on process 5 are devel oped both throug@ dictionary entry
conpari sons and nost likely string of charac®ers anal ysis techniques.
Words produced through both processes are ultimtely sel ectabl e as the
recogni zed word. In accordance with a preferred enbodi nent of the
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wor d are di splayed conc y and in close juxtaposition to
each other. This close Juxﬂh U3.€i on all ows the user to refer to their
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general |y depicted by r8feexisting personaledigita eryean: al
assistant (100) indicate this interest on the :ﬁsplay screen (Of course,
' if the user does not indicate an interest to display (303)
the list, the process concludes (304).) When the user
does indicate an interest to have the list displayed the
10 list is displayed (305) on the display screen (102).
Upon displaying the list, the user has a continuing
opportunity to close the process (306). Until closure
occurs, the process monitors for selection (307) by the
user of a different word from the list. Upon selection of
15 a different word from the list, the process substitutes
(308) the newly seiected word for the previously
selected word. The newly selected word is then
displayed in close proximity to an image of the original
handwritten input. This process can repeat, with
20 subsequent selection of various words, including
- previously selected and unselected words, until the user
eventually closes the process (306).
Upon closing (306), the process determines (309)
whether the presently seiected word constitutes the
25 most likely string. When true, the process automatically
updates the dictionary (310) to include the likely string
prior to concluding (311). The user will therefore be
assured that the new word will be added to the
dictionary and will be available thereafter for
30 comparison with future handwritten input. _
Referring again to FIG. 1, it will be presumed for
purposes of an example that a user has entered the
handwritten word "Fred" (103) on the display screen
(102). This input is analyzed as described above, and a
- 35 list of candidate words, the most likely character string



depicted constitutes a generic representation, and may 20 be conpri sed,
for éxanple, of an EO or Newton personal digital assistant, as are
known in the art Such devices typically incluge a housing (101) and a
touch screen (102) upon which words (103) can~be handwitten using
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or connected to a digitizi nrembadiment, the recognized word “free" (401) appears in
~ close juxtaposition to a representation of the original
input (103). As lllustrated in FIG. 6 a redrawn copy of
the original 603 handwritten input is displayed. The
10 chosen word (601) is dispiayed immediately beiow the
redrawn copy of the corresponding handwritten input
(608). Preferably each chosen word (601) is centered
below the corresponding handwritten input (603).
it will now be presumed that the user indicates a
15 desire to see the list. FIG. 5 depicts a display of an
example list. In an appropriate window (501), the -
candidate words that were developed through reference
to the dictionary are presented in one portion (502) of
the window (501), and as described above and shown in
20 Fig. 7. In this particular embodiment, candidate words
are presented in both lower case and initial-letter-
capitalized form. In this particular example, the
dictionary does not include the word "Fred" and hence the
word "Fred" does not appear in this portion (502) of the
25 window (501) and as illustrated in Fig. 7. In a different
portion (503) of the window (501), which portion (503),
in this embodiment, is separated from the first portion
(502) by a line (504), the most likely character string is
displayed as described previously. In this example, the
30 most likely character string comprises the word "Fred."
The list is displayed in order of the probability
that the items making up the list are correct, with the
most likely item presented first. in a preferred
embodiment as illustrated in FIG. 8, the likely character
35 string (810) and the likely string of digits (815)
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teachings will be di scl osed. Upon receiving input (200) in the form
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found in the EO and Newgon oporacter string (810) or the most likely string of digits
(815) are actually correct, whether to display neither,
one, or both of these strings. The method for making
this determination may vary from embodiment to
embodiment to suit the task in question. For example, it

10 the task in question has a high probability that the
handwritten input will consist of digits of numeric or
punctuation, the process can be set to display & likely
string of digits each time the list (820) is reguested to
be viewed. _ :

15 " The present invention can be set to display more or

" less options. Five options is convenient number for the
user, and almost always contains the correct response.
The options are prioritized by their recognition score - a
measure generated by the recognizer telling how

20 confident it is in each ailternative. The likely character
string and likely string of digits are selected based on
the same confidence measure generated by the
recognizer, such that if the score is below a threshoid,
the strings are not displayed. The selected likely

25 strings are displayed in order of the character likely
string, if present, foliowed by the likely string of digits,
if present. _

Finally, in accordance with the preferred
embodiment and as illustrated in Figs. 5,7, and 8,

30 another portion- (505) of the window (501) provides a
depiction of the presently selected word. If the user
were to select the word "Fred," then the characters
comprising the word "Fred" would appear in the spaces
indicated, thereby presenting "Fred" as the currently

35 selected word (505). The present invention always
opens the window with the alternative having the
highest confidence value from the recognizer displayed
in the character boxes. The currently selected word is
always shown in the spaces indicated.



15 products nentioned earier. . Next, the process identifies

(202) one or nore candi date words by conparing the contents of a
dictionary against various conbinations of the cangy date characters,
and providing these various dictionary 20 entries with a corresponding
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candi dat e wor ds usi ng dingitingnan Yaddress cor, sclhdmgrmmate condaining a phone
number. The numerical or punctual values may be
displayed as the preferred choice beneath the input if it
10 scores highly enough; if not, it will be displayed only
when the user taps to see the word altematives, or list.
The present invention calculates the number
interpretation because many numbers look similar to .
words. For example, "15" looks like the word "is", so the
15 recognizer needs to generate and dispiay both
alternatives to the user.

A number of advantages and benefits are attamed
through provision of the teachings presented above. The
described embodiment makes use of both dictionary

20 analysis and most likely string analysis to prepare a list
of possible matches, thereby increasing the likelihood
that a correct match will be found in the accumulated
list. : _ :

Also, by segregating the dictionary based candidate
25 words from the most likely strings in the list, greater
flexibility is attained. For example, if the user should
select a word from the candidate words as developed by
reference to the dictionary, a strong presumption can be
made that the selected word is spelled properly, and the
30 process can be made to automatically close the window,
thereby saving the user the time and trouble of closing
the window. On the other hand, aithough the most likely
character strings, when selected by the user, may -
represent the closest fit in the list to the original input,
35 there exists a reasonable likelihood that the spelling yet
remains inaccurate. The window can therefore be left
open after selection of the most likely strings in order
to better afford the user the ability and opportunity to
make minor spelling corrections. Such corrections, of’



35 identifies a nost likely string of characters that

represents the input and a nost likely string of nuneric characters,
consisting in one preferred enbodi nent of a st likely string of
digits, which represents nunbers and/ or punctuation selected fromthe

set 'of_di gits O to 9 5 and common nunerical punctuation such as $ and %
Fndtvi dual * cand; dat 6 char 22?2?%? goraiGe Wi dnd reSeft Invertion) and e
| i kel i hood of accuracy. A tgrhbodiments; therbandwritten Jnputi lﬂcllldes.
punctuat fon [ s devel oped Vi) " ngf iniéd 10" hi! fwing: Haithiris! inpa,
electromc input, input captured through pressure (such
‘5 as stamped input); and input that is received
electronically (via facsimile, pager, or other device).

Further, the preferred embodiments of the present
invention are applicable with modification to various
forms of handwritten input including but not limited to

10 alphanumeric input, ideographic input, symboliic input, or
other character input.

It will be apparent to those skilled in the art that
the disclosed invention may be modified in numerous
ways and may assume many embodiments other than the

15 preferred forms particularly set out and described above.
Accordingly, it is intended by the appended claims to
cover all modifications of the invention that fall within
that fall within the true spirit and scope of the
invention and its equivalents

20 What is claimed is:
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accessing a dictionary and comparing at least some
entries in the dictionary with at least some combinations of
candidate characters to identify candidate words that might
represent the input (202);
identifying as a likely character string a
combination of candidate characters that has a highest
combined corresponding likelihood of being correct without
regard to the dictionary (202);
identifying a likely string of digits of a numerical
or punctuational value (202);
providing a list (203) including:
at least one of the candidate words;
the likely character string when the
likely character string is not one of the candidate words
otherwise so provided in the list; and
the likely string of digits.

2. A method characterized by the steps of:
receiving handwritten input from a user (103);
analyzing the input to provide a plurality of
candidate characters (401); ‘
accessing a dictionary and comparing at least some
entries in the dictionary with at least some combinations of
candidate characters to identify candidate words that might
represent the input (501);-
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description need be provided here. So configured, the process
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combined corresponding likelihood of being correct without

" regard to the dictionary (503);

providing a list (502) including:
at least one of the candidate words;
the likely character string when the likely

_character string is not one of the candidate words otherwise so

provided in the list; and
the likely string of digits;
selecting one of the words in the list to provide a
selected word; '
providing the selected word to the user.

3.  The method of claim 2, and further including the steps
of:

receiving input from the user indicating a request
to display at least part of the list;

displaying at least one of the candidate words and
the likely character string when the likely character string is
not one of the candidate words otherwise so provided in the
list.

4. The method of claim 3, and further including the step of:
receiving input from the user indicating a selection
of the likely character string;
automatically updating the dictionary to include

‘the likely character string.

5. The method of claim 2, wherein the step of analyzing the
input to provide a plurality of candidate characters includes

* € L M s x



words, the likely character string, and the likely string of di gits

nunmeri c or punctuation, for subsequent use. This ShEG 164 Bd
FIG 3, the personal digital 10 assistant then acce ﬁ (300)
and sel ects (301) one of the words accqrgling to]mmumawu E
metric. For exanple, in sonme applicati ons it ma

al ways (or nearly always) sel ect whichever candi date word has the

hi ghest 1i kel i hood, of bein ccur,ate | n..15.. othe icationse it may be
preferable to m)rgl'l 919 géké& ‘Uﬂ Q;fggﬁg th% 8 he nost
likely string leasft sdmeaofetht (plutaﬂttynbftcindmdh;e <haracters. digits.

Various criteria and techniques for automatically sel ecting from
anmongst a plurality of candidate words 20 are understood in the art and
need not be pr eseﬁt ed Mheemethodiof claim 2t sherein the step of-agressingl@ct ed

fromthe list,g &W d the d o] e user.
Typi cal |y, th| S sgf ec 4o cbﬁmé?anrﬁ %ekpﬁgeﬁﬂcﬁg ?1(% eﬁl}stﬁéqon t he
di spl ay screen 25digtionary, sith r aty leaste spme. combingtions i‘ﬂaf%e user to
refer back to theghaRictéisnab h‘@éﬂﬁfy téadidan twords ahat aﬁnght represent

the input includes the step of comparing all entries in the
dictionary with at least some

10 combinations of candidate characters to identify candldate
words that might represent the input.

7.  The method of claim 6, wherein the step of comparing all
entries in the dictionary with at least some combinations of
15 candidate characters includes the step of comparing at least
part of each entry with at least part of each combination of
candidate characters. |

8. The method of claim 2, where in the step of identifying
20 as a likely character string a combination of candidate
characters that has a highest combined corresponding .
likelihood of being correct includes the step of determining a
likelihood of accuracy for individual candidate characters.

25 9. The method of claim 8, wherein the step of identifying
as a likely character string a combination of candidate
characters that has a highest combined corresponding
likelihood of being correct also includes the step of
determining which combinations of individual candidate

30 characters has a highest probability of being accurate as
determiined using character trigram statistics. -

A



error in the processing resulted in the wong chosen | wor d bei ng
presented, each chosen word 601 is displayed |%
redrawn copy 603 of the 30 corresponding original handwitten input

chos:en word is centered di rectly bel ow e redr Shemd{atBeenRe laced
Furthernore, the original input is redrawn with f t he
origi nal coordinates of the handwri tten input to eI ative
position of 35 words within a line of input, giving the user

visual rem nder of the original input. This is illustrated |n FIG 6.

10. A method characterized by the steps of:
receiving handwritten input comprising a word
5 that includes a plurality of characters from a user (200);
analyzing the input to provide a plurality of
candidate characters that may correspond to the characters
that comprise the word(201);
automatically accessing a dictionary and comparing
10 at least some word entries in the dictionary with at least some
combinations of the candidate characters to identify candidate
words that might represent the word(202);
automatically identifying as a likely character
string a combination of candidate characters that has a highest
15 combined corresponding likelihood of being correct without
regard to the dictionary (202);
automactically identifying a likely string of digits
having a numeric or punctional value (202);
providing a list including (203):
20 at least one of the candidate words;
the likely character string when the likely
character string is not one of the candidate words otherwise so
provided in the list; and
| the likely string of digits;
25 selecting one of the words in the list to provide a
selected word (301); '
providing the selected word to the user (302);
receiving input from the user indicating a request
to display at least part of the list (303);
30 displaying at least one of the candidate words and
the likely character string when ‘the likely character string is

R



The user may then indicate a desire to have the above nentioned |ist
di spl ayed (303). For exanple, in 5 existing personal digital assistants,

t he “user can indicate this interest on the display screen. (O course,
I f the user does not indicate an interest tp7display (303) the list,
t he "process concl udes (304).) Wen the user does indicate an interest

to have the list displayed the 10 |list is displayed (306) on the display

SELEETAEES o cr et R RO | s o Sho it 9

process nonitors Figsy (8305%cti on (307) by the user of a different word
fromthe list Upon selection of 15 a different word fromthe list, the
process substitutes (308) the newy selected word for the previously
sel ected word. The newly selected word is then di spl ayed in cl ose
proximty to an imge of the original handwritten input. Thi s
process can repeat, with 20 subsequent selection of various words,

i ncl udi ng previously sel ected and unselected words, until the user

eventual ly cl oses the process (306),

is Sheet Has Been Replaced
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Upon cl osing (306), the process determ nes (309) whet her the presently
sel ected word constitutes the 25 nost likely string. Wen true, the
process automatically updates the dictionary (310) to include the
likely string prior to concluding (31118 The user will therefore be
assured that the new word will be added to the dictionary and will be
avail abl e thereafter for 30 conparison with future handwitten input.
Referring again to FIG 1, It will be presumed for pur poses of an
exanpl e that a user has entered the handwitten word "Fred" (103) on

t he di splay screen (102). This input is analyzed as described above,

and a 35 Tist of cappBIRENBRTIONARTSASED AND LRERY CHARACTER
| STRING METHOD OF HANDWRITING RECOGNITION

10 Abstract of the Disclosure

In a handwriting recognition process, a list of candidate
recognized words is identified (202) as a function of both
comparison of dictionary entries to various combinations of

15 - recognized character combinations, and through a most likely
character string analysis as developed without reference to
the dictionary. The process selects (301) a word from the list
and presents (302) this word to the user. The user then has

. the option of displaying (303) this list. When displaying the

20 list, candidate words developed with reference to the
dictionary are displayed in segregated manner from the most
likely character string word and the mostly string of digits.
The user can change the selected word by choosing from the
list, or edit the selected word. When the user selects the most

25 likely character string as the correct representation of- the
handwritten input to be recognized, the process automatically
updates (310) the dictionary to include the most likely
character string. The same process can occur when the user

selects the most likely string of digits.
30 : :

This Sheet Has Been Re 'i
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I's provided and in a preferred enbodi nent the nost i kely string of

digits of nuneric or punct

uation wll be - provided as illustrated in

FIG. 8 Fromthis list, the process selects a nost likely match, and
presents this 5 match as depicted in FIG 4. In particular, in this
enbodi ment, the recognized word "free" (401) appears in cl ose
juxtaposition to a representation of the original I nput (103). As
illustrated in FIG 6 a redrawn copy of the original 603 handwitten
i nput is displayed. The 10 chosen word (601) is displayed inmmediately

bel ow t he redrawn cq
(603). Preferably each chq
correspondi ng handwitten
that the user indicates a
di splay of an exanpl ¢
candi date words that were
dictionary are presented i

\\‘) e Correspon| ng SRR IIVRTAG \‘v put

"“f:‘f‘_—"““_—:—:“t"‘—t""“"——f‘:“"“ \) t he
\\(uu (60 It will. u §$ pr esuned
W\ desir see the list. FIG 5,p\aicts a

H st In appropriate w ndow (50 h\‘the

d-‘elop d rou h reference t g {\fe
n lne

s I

FIG.7

100
200
Y RECEIVE INPUT )
201~ :
)  PROVIDE CANDIDATE
CHARECTERS

202~ IDENTIFY CANDIDATE WORDS
Y  AND LIKELY CHARECTER

STRING AND LIKELY STRING

OF DIGITS

203\ : PROVIDE LIST
_—CANDIDATE WORD(S&
—-LIKELY CHARECTER STRING
-LIKELY STRING OF DIGITS
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the wi ndow (501), and as described above and shown in 20 Fig. 7. In this

parti cul-ar enbodi nent, candi date words are presented in both | ower
case- and initial-letter- capitalized form In this particular exanple,
t he di ctionary does not include the word "Fred" and hence the

word "Fred" does not appear in this portion (502) of the 25 w ndow (501)
and as illustrated i3 in a different portion (503) of the

wi ndow (501), which port E ?gﬁﬁgs LIST }n t his enbodi nment, is separated
fromthe first portion ne (504), the nDst likely

character string is dlsplay-o as descri bed previously. In thIS
exanple. the 30 nost SOK[Y ' eT ¥t ring conprises the word "Fred.

The list is displayed in o derSEtEeﬁua pfobabi | ity that the itens °
maki ng up the list are corhes nost |ikely item presented
first. In a preferred ent as |l lustrated in FIG 8, the likely

character 35 string ( 1&%V&H€-*bﬁfl‘ string of digits (815)

/305

N1L)

304 903 308

SUBSTITUTE

DISPLAY
LIST

307

SELECTED
WORD=LIKELY
ST%}NG

S 310

UPDATE
DICTIONARY

"“\\\\\\K\\\\\\\\\\\\\\\\\\\\\_ — =X .
. F[ c' 4 is Sheet Has Been Replaced
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10 (nuneric or punctuation) displayed in a separate region of

t he wi ndow (501). The process displaying the likely choi ces can
assess, on the basis of a confidence val ue i ndi cating how probable It
is that the nost likely 5 character string (810) or the nost |ikely
string of digits (815) are actually correct whether to display

nei t her, one, or both of these strings. The nethod for making

this determ nation may vary from enbodi nent to - enbodinment to suit the
task in question. For exanple, if 10 the task in5@qestion has a high

probability that the consi st of digits of
nuneric or punct uat i [ 2 e | kely
string of digits each ti W ey e\ \WE Vi ewned.

504—

| /) Fret fret-1 I
|/ N JFeed feed | oy

Fred fred”

505\:|\ ________ 1 // \

= “\\\\\\\\K\\\\\\\\\\\\\\\\\\\\—I X — 102

FIG.5

@ _Script Edit

Jhia % o ful ﬂf

This s a test of

wn wed oy g Ml 103
can read  writing if you can  write

-

fairly  neatly |

FIG.6 | -
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15 - Thepresent invention can be set to display nore or | ess
options. Five options is convenient nunber for the user, and al nost
al ways contains the correct response. The options are prioritized by
t hei-rr recognition score - a measure generated by the recogni zer
tel'ing how 20 confident it is in each alternative. The |ikely character
string and likely string of digits are sel ected based on t he sane
confidence nmeasure generated by the recogni zer, such that if the score
I's below a threshold, the strings are not displayed. The sel ected
likely 25 strings are displayed in order of the character likely

string, if present, followed by the likely string of digits, | f
present . Finally, in accordance with the preferred

enbodi nent and as i lglyyst r ated in Egs.— 5/ 30 another portion
(505) of the mnndowﬁpg prow“mﬁeya wrnesdeplctl n of the presently
selected word. If the use' tﬂ“ﬁ@ect thg word "Fred," then the
characters conprisinf the woul d gppear in the spaces

i ndi cated, thereby presenting &mﬁﬁig Arili curre tlg04

5035 \\an!tsl w?rfts /I—

you write  carefully

740

201 ™N Writes  writes |
820
Waiting woiting/_
Waits  waits

Writing  writing 504

\Wants wants 55
810 ——Witis  witis /

el Bt R 11 /Ls“
@ r',;*.-,':'rrr:;;:g - [Edtt

////7 /////// 7 Lm,lum[ which

Clear ! Cancel Ionghand' which
///// ///// / 77

\\\\\\\\\

/

can oling 9ou. - wnile mﬂ&,
/ .
con  read /y/ﬁ;:e// s if  you write  carefully
Y FIe.8
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3% sel ected word (505). The pr esent |nvent|pn al ways opemﬁw Wrardow
with t he Tal ternati ve-haw—ng—t%e———m hest confidence value fromthe

recognlzer dlsplayed cter boxes. The currently sel ected
word is al ways s s indjgated. When
a likely string of d|g " ed as |n FIG 8, the nunerical or

punctual val ue displ ay random but it is the rocognizer's
best interpretation of the input, assuming that the input is a nunber.
This is 5 calculated for each Input, because users may wite nunber s
inline wwth other input - for exanple, when

COMBINED DICTIONARY BASED AND LIKELY CHARACTER
STRING METHOD OF HANDWRITING RECOGNITION

5
THIS SHEET HAS BEEN
REPLACED
10 Abstract of the Disclosure

In a handwriting recognition process, a list of candidate
recognized words is identified (202) as a function of both
comparison of dictionary entries to various combinations of

15 ' recognized character combinations, and through a most likely
character string analysis as developed without reference to
the dictionary. The process selects (301) a word from the list
and presents (302) this word to the user. The user then has

. the -option of displaying (303) this list. When displaying the

20 list, candidate words developed with reference to the
dictionary are displayed in segregated manner from the most
likely character string word and the mostly string of digits.
The user can change the selected word by choosing from the
list, or edit the selected word. When the user selects the most

25 likely character string as the correct representation of the
handwritten input to be recognized, the process automatically
updates (310) the dictionary to include the most likely
character string. The same process can occur when the user

selects the most likely string of digits.
30 -

FIGURE 3
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witing anaddress or sendi

nunerical” or punctual val ues may be

ng a note Conialning a phone nunber. The
' *.dlsglayed as the preferred choice

beneath the input if it 10 scores highly encugh; if not, it will be

di spl ayed only
list.

because many nunbers |l ook simlar to

li ke the word "is", so the
bot h
benefits are attai ned

above. The descri bed
anal ysis and nost likely s
mat ches,

be found in the accunul ate

dictionary based candi dat e} 23

list, greater flexib

103 —

alternatives to the user.

t her eby i ncreasing

when the user taps to see the word alternatives, or
The present invention cal cul ates the nunber interpretation
words. For exanple, "15" |ooks

15 recogni zer needs to generate and display
A nunber of advantages and

gsent ed

S§" : \fzgossible
i t].c . ?prk Fy seg_=‘:tfggm1LL
I3 bl e For example, i fAser shoul ¢
S -
AR o

FIG.7
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sel ect a werd fromthe candidate words as devel oped by reference to

t he dlctPonary a strong presunption can be made that the sel ected
word i$ spelled properly, and the 30 process can be made to automatically
cl ose the w ndow, t hereby saving the user the tine and trouble of

cl osi ng the wi ndow. On the other hand, although the nost likely
character strings, Wﬂ@? sel ected by the uger, may represent the
closest fit in the | 2 input, 35 there exists a
reasonabl e |ikelihood thdt tﬂQ§E§§e Sﬂug et remai ns inaccurate. The

wi ndow can therefore be |eT open after selection of the nost likely
strings in order gbq he user the ability and opportunity

to make m nor sp&¥'T™yg cosﬂggqlons Such corrections, of

302

'r305

DISPLAY
LIST

(-3 08
SUBSTITUTE

307

SELECTED
WORD=LIKELY
STR‘,ING

5 30

UPDATE
DICTIONARY

¥——W\\\\K\\\\\\\\\\\\\\\\\\\\\_ N
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12 - In accordance with the presentginvention and it s

preferred embodi nents, the handwitten "nput i ncl udes, but is not
limted to the follow ng: handwitten input, el ectroni c i nput, input
captured through pressure (such 5 as stanped input); and input that is
recei ved electronically (via facsim|e, pager, or other device).
Further, the preferred enbodi nents of the present I nvention are
applicable with nodification to various forms of handwitten input
including but not limted to 10 al phanuneric inpgb1 i deogr aphi c i nput,
synbolic input, or ot her character input. It will be
apparent to those skill edgy ‘ ==t~} bnt i on may

be nodified in nunmerous APV and oy s Sf/Sttase e fep pea e 5 ot her

than the 15 preferred forjif ALY SE : |
Accordingly, it is intendgiliby t /é rc@é //502
L/ Fret frett |l
V\-eed feed |

505 — ir—e—d- -f _r ? ? 1//7—|® -

— =Y

L o
FrG¢G.5

7l ___ Script Edit /.
. . e — 2103

Jhis i o faal of hng’mml which I
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can read  writing if you can  write l
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.foirly neatly
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cover all_.fodifications of the invent
W thin the true spirit and scope of t
20

defining the invention are as follows:

steps of:

candi date characters;
dictionary with at | east sone 5
to identify at
handwritten input;

| east sone conbi nations of the
| i kel i hood of representing the handw

anal yzi ng handwr

determ

conparing at
conbi nadi ons of the candi date characters
| east one candi date words

W t hin that fall
I nvention and its equival ents.
13 The cl ai ns
1. A et hod including the
itten input to provide one or nore
| east sonme entries in a

|on that fall
he”

that m ght represent the
ning a likely character string from at

candi date characters that has a hi ghest

itten i nput, the determ ning step

conparing step:
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10 identifying a likely string of digits of a nunerical or

punctuational val ue; I dentifying for presentation in a E i
alternate word sel ections; the at | east one of the

candi date words; and" the Iikely character string when the
|'i kely character string is not one of the candi date words otherw se so
provided in the list; 15 the likely string of digits. e -t
A nmet hod including the steps of: anal yzi ng handwitten input to
provi de one or nore candi date characters; conparing at | east
sone entries in a dictionary with at |east sone . conbi nations of the

candi date characters to identify at |east oche candidate words 20 that

m ght represent the handwritten input; det er ni ni likely
string fromat | eaSOMBINERRICHONARY BASERAND UKMchislghRﬁ\r&Féﬁact ers

that has a highest |i STRINGMETHOPOFEHANDWRITING RECOGNITION i nput,
the determ ning step being independent of the conparing step;

identifying for presentation a list including: 25 _ at | east
one of the candi date words; and the likely string when
the likely st®ing is not one of the candidate wor ds ot herw se so
provided in the list; Fhig invention relates egenerallyndoohandwrilingis in t he
list to provide i wor d. 3. The nethod of claim 2, and
further includi ngegiﬁg?ﬁlggé of : . .

So called personal digital assistants, such as the '

10 EOand Newton products, typically have a touch sensitive
screen upon which a user can impose handwriting. These
devices then function to digitize the handwritten
character input. Other devices, which function to
receive: handwritten input include, but are not limited to

15 the following: desktop computers, modems, pagers,
advanced telephones, digital or interactive televisions,
“and other information processing devices having access
to -a digitizing tablet that can accept handwritten

: character input. Still other devices can receive

20 handwritten character input by means of a facsimile or
scanned input. These devices process the information to
attempt to recognize the information content of the
handwritten character input and display that information
to the user for purposes of feedback and correction of

25 errors in the processing and recognition of the
handwritten character input.

. | REPLACEMENT SHERTS

¥ Descrigtion : hell

W Claim{s) :pag

L3 Drawing(s) : paged .....
Abstract  : paged .. to paged .~
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30 . -receiving input fromthe user |nd| cati hg a request to display at

| east pait of the list; -di spl aying at | east one of the
candi date words and the |ikel y char acter string when the. likely
character string is not one of the candi date words ot herw se

14 so provided in the |ist. 4. The method of claim3, and further
I ncl udi ng the step of: receiving input fromthe user indicating-
a selection of the likely character string; 5 automati cal’l vy
updating the dictionary to include the likegl4 character string. 5.

The method of claim2, wherein the step of analyzing the input to provide a
plurality of candidat g, chescrelafics with UIRE present invention and its
preferred embodiments, the handwritten input includes,
but is not limited to the following: handwritten input,
electronic input, input captured through pressure (such
5 as stamped input); and input that is received
electronically (via facsimile, pager, or other device). .

Further, the preferred embodiments of the present
invention are applicable with modification to various
forms of handwritten input including but not limited to

10 alphanumeric input, ideographic input, symbolic input, or
other character input.

It will be apparent to those skilled in the art that
the disclosed invention may be modified in numerous
ways and may assume many embodiments other than the

15 preferred forms particularly set out and described above.
Accordingly, it is intended by the appended claims to
cover all modifications of the invention that fall within
that fall within the true spirit and scope of the
invention and its equivalents.

20 : '

This is the replacement sheet
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15, . the step of determining a likelihood of being correct for at

| east sonme of the plurality of candidate characters. 6. The et hod
of claim2, wherein the step of accessing a 5 dictionary and conparing at
| east sonme entries in the dictionaryl3with at 1east sonme conbi nations

repr osent - The i€ HRRRRANTAS hiRrtefrbise SABRCS. 10" Pentrfes in the
di ctionary i t h RindtAed inclding the etaps ofat i ons of candi date characters to
i dentify candi date words that mght represent the input.
‘ analyzing handwritten input to provide one or more candidate characters;
comparing at least some entries in a dictionary with at least some
5 combinations of the candidate characters to identify at least one candidate words
that might represent the handwritten input;
determining a likely character string from at least some combinations of the
candidate characters that has a highest likelihood of representing the handwritten
input, the determining step being independent of the comparing step;
10 identifying a likely string of digits of a numerical or punctuational value;
| identifying for presentation in a list of alternate word selections; |
the at least one of the candidate words; and | _
the likely character string when- the Iikely character string is 'not one
of the candidate words otherwise so provided in the list;
15 the likely string of digits.
2. A method inéluding_the steps of:
analyzing handwritten input to provide one or more candidate characters;
comparing at least some entries in a dictionary with at least some
combinations of the candidate characters to identify at least one candidate words
20 that might represent the handwritten input;
determining a likely string from at least some combinations of the
candidate characters that has a highest likelihood of representing the handwritten
input, the determining step being independent of the comparing step;
identifying for presentation a list including:
25 at least one of the candidate words; and |
the likely string when the likely string is not one of the candidate
words otherwise so provided in the list; and
- selecting one of the words in the list to provide a selected word. .
3.  The method of claim 2, and further including the steps of: |
30 receiving input from the user indicating a request to display at-leasi part of
the list,
displaying at least one of the candidate words and the likely character
string when the likely character string is not one of the candidate words otherwise

This is the replacement sheet
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7. . .The nmethod of claim®6, wherein the step of conparing all entries
inthe dictionary with at |east sone conbinations of 1 5 candidate
characters includes the step of conparing at | east part of each entry
with at | east part of each conbination of candi date characters.

8. The nethod of claim2, where in the stp of identifying 20 as a

| i kely character stri,n i nati on of candi date characters that has
a hi ghest coftBiRfe H'dggr'ﬁé@%g%rm | i kel i hood of being correct includes
the step of deter riHy mattiod ofclafm Bﬁémmﬁntl'lerﬁneludngethg step of:ndi vi dual

candi date characters. 25 , The net hod a ei he, st ep of
i dentifying a:eceMﬂleé'P&'t frem the B?efsm%ma %5?@9%8{‘:,\%%51& 'q@i)hﬁhﬁﬁcéer

characters th?t has a highest conbined corresponding | i kel i hood of
bei ng corr éc®™%o incl udes the st ep of determ ni ng whi ch conbi nati ons

of individual cangifematicallylpdatingethe dictmnaryltcgimehxdqdheﬂkbm cha;actér tringm

accurate as det er m ned usi ?r? character trigramstatistic
5. The method of claim 2, wherein the step o analyzmg the mput to provide a

plurality of candldate characters includes

% c L M H *
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16. . 10. A nethod including the steps of: _ anal yzi ng
handw i tten al phanunmeric input including a word that includes a .
plurality of al phanuneric characters to provide a plurality of candidate
characters that may correspond to the al phanuneric characters that

i nclude the word; 5 automatically at®essing a dictionary and
.conparing at |east sonme word entries in the dictionary with at |east
sone conbi nations of the candidate characters to identify candi date

e T2 A e e oo S5 ok 74 1

hi ghest conbi ned 16astr semen@ingie | RFARBH b oAidatec SRATRISTS vt hou:

regard to the dictionary; " providing a Iist i ncl udi ng:

at least one of téie Caﬂ% &’Sét%oﬁ%?-séla%rﬁdz, wherein the step of accessing a

5 dictionary and comparing at least some entries in the
dictionary with at least some combinations of candidate
characters to identify candidate words that might represent
the input includes the step of comparing all entries in the
dictionary with at least some

10 combinations of candidate characters to identify candidate

words that might represent the input.

7.  The method of claim 6, wherein the step of comparing all
entries in the dictionary with at least some combinations of

15 candidate characters includes the step of comparing at least
part of each entry with at least part of each combination of
candidate characters.

8.  The method of claim 2, where in the step of identifying
20 as a likely character string a combination of candidate
characters that has a highest combined corresponding
likelihood of being correct includes the step of determining a
likelihood of accuracy for individual candidate characters.

25 9. The method of claim 8, wherein the step of identifying
as a likely character string a combination of candidate
characters that has a highest combined corresponding
likelihood of being correct also includes the step of
determining which combinations of individual candidate

30 characters has a highest probability of being accurate as
determined using character trigram statistics.
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the lLikely string when the likely string is not one of the candidate

words otherw se so -provided in the list; 15 sel ecting one of the

words in the list to provide a sel ected word; i dentifying for
presentation the sel ected word; di spl ayi ng upon a request to
di splay at |east part of the |ist; 16  displaying at |east one of

t he candi dat ?Owrﬁﬁngﬂﬁdtiﬁﬂugidﬁé sié/éé&ﬂ when the likely string is
| dat e wor ds o

not one of the can erw se so provided in the list. 20-- 11.

A devi ce capabl e ahalyzingdvarciwrittemdiphdhtmegiclinpulvincluding & woard, thahirdutiesa
a touch-sensitive display for_receiving handwritten inaput and . for .
displaying P Ura'!“ﬁ@ﬁ@&hﬂﬂ%@’&ﬁhﬂfﬁﬁteﬁé‘? Rrovide taoglf"@!\%ﬂf leaglggfedghgr,acters
character stgi | ' | ' wipgds and
i kel y candi ﬂﬁlgﬁ%%%@ndsﬁortpﬁgs@ ﬂharﬁléﬁ erid cmmﬂéﬁk%altgﬁ?g?ég?%cess’l ng
circuitrysfor anapyfdmatidally duvessingta aictionary and pomparing 24t leakst soaw gvorded
words or character stri nas and for determ ni ng one or candi dat e

. opre )
characters fentriesnjrrtheodictionary Miths at Slgast ¢ ccombingtiens: 1of o the \candidate
identify the |ike ndl Wafaln ndwitten
i nput and CLaTa(?%é/rﬁgﬁlé%ﬂq%%%@alg%d%%@ﬁﬁ?moqﬁtﬁ%ﬁ}?ﬁ F%ﬁ?@of t he
li kel y character gufdmaticallipaidentifyingrisghta fikglyesting aheoinbirthtiont bf ncarididéte

30 12. A nethod, including the steps of oo di s.gl aa/i n% .
handw i tten ichptacters|that has adighest cambined cppiespondipadikelineed of beingseprreet

that m oht ek e8eRlgdhdifo B diRbRASY | PUT
| providing a list including:
at least one of the candidate words; and
the likely string when the likely string is not one of the candidate
words otherwise 'so provided in the list;
15 selecting one of the words in the list to provide a selected word;

identifying for presentation the selected word;

displaying upon a request to 'display at least part of the list;

dis.playing_ at least one of the candidate words and the likely string when
the likely string is not one of the candidat_e words otherwise so provided in the list.

20 11. A device capable of recognizing and editing handwritten input, including:

a touch-sensitive display for receiving handwritten input and for displaying
the handwritten input relative to recognized words or character strings together
with a list of likely candidate words and likely candidate character strings; and

digital processing circuitry for analyzing the handwritten input to provide

25 the recognized words or character strings and for determining one "or more
candidate characters for comparison to at least some entries in a dictionary to
identify the likely candidate words that might represent the handwritten input and
for determination independent of the dictionary of the likely character strings that
might represent the handwritten input. T

30 12. A method, including the steps of:

displaying handwritten input relative to a recognized wordj or character
string that might represent the handwritten input;

This is the replacement sheet
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17. .~ displaying a list of alternate word choices determ ned by

corrparl ng at |east sone entries in a dictionary with at | east sone
conbi nati ons of candi date characters derived fromthe handwitten input
to identify at |east one candi dat e wofZls and i ndependently determ ning

candi dat e char aclisPEYIngd IsST aiemafeuord fRaices delermined by Simariigrat legst ne
handwr i tt engdiBUbntri es in W?ﬁh&fﬁiﬁc&ﬁtﬁeaf qgﬁ%\gbﬂﬁhet RRninat g a%fr gaf Q?feed

word or character S word or can te C

string. chdracters Ideriveﬁhfndmfhe:handwﬁiﬂen uhputhta identificat tdest Bnep cahdidate
automatically ceasing 10 to display the |list of alternate word choices
when the reWokds aad inderensdently detemmmg adikely: chayacter sifing from af leass some

Sﬁlng'hd?t ! ‘Sgé b[r{ggfggx%ggf gthﬁgiggﬁﬁﬁ%étmarg%e[@ éﬂ‘glyﬁgg Jehiypdst’ ndiRbsl 1 of
representing the handwritten input;
selective replacing the displayed recognized word or character string with a
candid;ate word or candidate character string.
13. The method of claim 12, which includes the step of éutomatically ceasing

10 to display the list of alternate word choices when the recognized word or
character string is replaced with a candidate word from the displayed list.

14. The method of claim 12 which includes the step of updating the dictionary
when the recognized word or character string is replaced with a candidate
character string from the displayed list.

15 15. The method of claim 12, wherein the step of displaying the handwritten
input relative to the recognized word or character string includes displaying the
recognized word or character string below and approximately centered to the
displayed handwritten ihput.' |
16. A method, including the steps of:

20 comparing at least some entries in a dictionary with at least some
combinations of candidate characters derived from handwritten input to identify at
least one candidate words that might represent the handwritten input;

determining a likely character string from at least some combinations of the
candidate characters that has a likelihood of representing the handwritten input,

25 the determining step being independent of the comparing step;

displaying a word or character string most likely to represent the
handwritten input in a position proximate to the displayed handwritien input;
' whereby, determination of correct recognition is facilitated.
17. The method of claim 16, including the step of: ‘

30 identifying for presentation in. a list of alternate word selections the at least

one of the candidate words and the likely character string when the likely

character string is not one of the candidate words otherwise so provided in the
list.
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when. t he recogni zed word or character string is replaced with a candi date
character string‘fromthe displayed list. 15 15. The nmethod of claim 12,
wherein the step of displaying the handwitten input relative to the
‘recognt zed word or character string includes displaying the recogni zed
word or character string bel ow and approxi M8t ely centered to the

di spl ayed ha itien i t 6 A net hod, ,inclLudjng,the steps of: 20.-
conparing at |®ast sm@ngﬁt Fpg§tapﬁaly d?%{rﬁﬁ'?ﬂ'? ydﬁF?"FPeéi ‘8@&5[3% e to the
conbi nati ons mﬁﬁﬁgﬂ cters derived fromhandwitten input to
identify at & Ieagﬁﬁ%ﬁgﬁ@g %idate words that m ght represent the
handwitten input; determning a likely character string from at
| east some conbi nations of the candi date characters that has a

|'i kel i hood of representing the handwitten input, 25 the determ ning step
bei ng i ndgpendent of the conparing step; di splaying a word or
character "string nost likely to represent the handwitten input in a
position proximate to the displayed handwitten input; wher eby,
determ nation of correct recognition is facilitated. 17. The net hod
of claim 16, including the step of: 30 identifying for presentation
inalist of alternate word selections the at | east one of the

candi date words and the likely character string when the likely

character string is not one of the candi date words otherwise so provided in
t he 3 A
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list.

18 18. A nmethod

subst anti al | y as herein described, wi'th reference to the acconpanying

drawi ngs.

10

15

20

25

19

COMBINED DICTIONARY BASED AND LIKELY CHARACTER STRING
METHOD OF HANDWRITING RECOGNITION

Abstract. of the Disclosure

In a handwriting recognition process, a list of candidate
recognized words is identified (202) as a function of both
comparison of dictionary entries to various combinations of
recognized character combinations, and through a most likely
character string analysis as developed without reference to
as the dictionary. The process selects (301) a word from the
list and presents (302) this word to the user. The user then
has the option of displaying (303) this list. When displaying
the list, candidate words developed with reference to the
dictionary are displayed in segregated manner from the most
likely character string word and the mostly string of digits.
The user can change the selected word by choosing from the
list, or edit the selected word. When the user selects the
most likely character string as the correct representation of
the handwritten input to be recognized, the process
automatically updates (310) the dictionary to include the
most likely character string. The same process can occur
when the user selects the most likely string of digits.

FIG. 3 accompanies this abstract.
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